When Escherichia coli 15T-cells growing exponentially at 70-to 80-min doubling times are subjected to a nutritional shift-up via glucose addition, cell division continues at the preshift rate for about 70 min (rate maintenance). The same cells growing at doubling times of 120 min or longer, however, begin to divide at a new faster rate immediately upon glucose addition. In both the rate maintenance and immediate division situations, cell mass, as measured by optical density (OD), begins to increase immediately upon shift-up. Consequently, the OD/cell pattern differs in the two growth-rate transitions. During rate maintenance, the OD/cell ratio increases dramatically for 60 to 70 min, and then slows appreciably and approaches the OD/cell characteristic of the new medium. During immediate division situations, the OD/cell increases only slightly for the first 180 + min; then the rate of increase accelerates but does not stop at the OD/cell characteristic of the new medium. Immediate division upon nutritional shift-up apparently depends upon initial doubling times in excess of 115 to 120 min and provision of a readily metabolized carbon source supporting doubling times of about 40 min. Similar immediate division occurs in E. coli B/r and K-12.
Bacterial cells growing with doubling times of greater than 60 min have cell cycle features that differ markedly from cells with doubling times of about 40 min or less. At doubling times of 70 min or more, Eschericha coli 15T- (1, 11, 19, 20, 25) , E. coli B/r (7, 11, 14, 22) , and Salmonella typhimurium (8) show periods in their cell cycle during which no deoxyribonucleic acid (DNA) synthesis occurs (DNA synthesis gaps). The same cells at 40-min doubling times or less show no such gaps. Slow-and fast-growing cells each replicate their chromosomes in a bidirectional manner (23) , but the rate of initiation of Okazaki pieces (2) and, in some cases, actual chromosome synthesis times (1, 11, 22) differ. The number of chromosomes per cell also differs (4, 19, 20) in slow-and fast-growing cells, as does the number of replication forks per chromosome (8, 14) . The period between chromosome termination and daughter cell separation (D period [7, 14] ) has been reported to be similar (18, 19) in slow-and fast-growing cells by some workers and dissimilar (14, 22 ; J. Urban, unpublished observations) by others. Cell growth in minimal medium is unidirectional, whereas growth in complex media is bidirectional (10) . Also differing in slow-and fast-growing cells is the cell mass per chromosome origin (12) .
Although the examples above demonstrate differences in the physiology of slow-and fastgrowing cells, the early work of Kjeldgaard et al. (17) suggested that the transition from slow to fast growth rates occurred in a precise and reproducible manner. These workers shifted cells growing in a variety of media to new media that supported faster growth and measured synthesis of various cell components, optical density (OD), and colony counts. They found that transitions to faster growth occurred in a characteristic fashion. -' (0.4%), and OD and cell number were monitored. Again, OD increased at a rapid rate im-*-|, * _ mediately after the shift, and after about 70 o min an even faster rate was assumed. As in Fig. 1 Fig. 4 is shown in Fig. 5 . Rather than quickly attaining an OD/cell ratio more characteristic of the new medium (as in Fig. 2) , immediately dividing cells maintained a size more characteristic of the cells before glucose addition (Fig. 5) . However, after 200 min, the OD/ cell ratio increased more dramatically and continued at the final rate for at least 10 h. The maximum cell sizes ultimately attained are under study and will be described elsewhere. Figure 6 shows the division and OD/cell patterns after addition of glucose ( 4. bling times, about 440 min in each medium), an immediate shift in division rate was also observed.
Non-rate maintenance division in other strains of E. coli. To determine if the immediate division pattern shown in Fig. 4 and 6 was unique to E. coli 15T-, glucose (0.4%) was added to E. coli B/r growing in M9-succinate (doubling time, 116 min) (Fig. 7 ) and E. coli K-12 growing in M9-aspartate (doubling time, 420 min) (Fig. 8) suggest that such a specific rate might exist. _v Doubling times of 70 ( Fig. 1) and 76 (Fig. 3 ) min yield rate maintenance division upon glucose 2 addition, whereas 116-to 120-min doubling X 1.0 times (Fig. 4 and 7 (7, 14) could undergo a growth rate transition described by an initial burst followed by a rapid decline. Our immediate shifts (Fig. 4, 6-8) show an extended initial burst of division followed by a slight decrease in growth rate. The decrease, however, is never extensive enough to approach the decrease seen in rate maintenance ( Fig. 1 and 3) .
The immediate shift may be an exaggeration of the normal rate maintenance curve, or it may be a manifestation of a completely different pattern of division. Which situation is occurring, and the nature ofthe division in either situation, is presently unknown. Either situation seems difficult to reconcile with the I + C + D model of cell division (7, 14) . The model specifies that, in a nutritional shift-up, a time equivalent to part or all of C and all of D must pass before shifted cells can divide at the new medium-specific rate. Passage of such time clearly does not occur in the immediate shifts of Fig. 4 and 6-8 .
Several explanations can be offered to account for division proceeding at a new rate within a time less than C + D: (i) some or all of the events prescribed by the I + C + D model need not occur in certain shift-ups; (ii) very slow-growing cells complete C + D events more rapidly than predicted by the growth rate, so that such events may be completed during a small fraction of their doubling time (5, 18, 19) , allowing new rates of cell separation to be observed immediately upon shift-ups; or, (iii) division events after a shift-up are occurring at a rate(s) intermediate between those of pre-and postshift media.
An intermediate division rate (iii, above) could account for the aforementioned variations in doubling time after addition of glucose to 15T-in M9-aspartate, the unusual OD/cell transition pattern, and the repeated observation that 15T-cells continue to increase in size after an immediate shift. However, there is no clear rationale for the existence of such a mechanism. Likewise, possibility (i) is not easily rationalized. Recent literature supporting the basic cell cycle events described by the I + C + D model is extensive, and it is unlikely that very slow-growing cells deviate from the model extensively. Possibility (ii), however, seems plausible. Several studies suggest that C (5, 19) and D (18, 19) are of the same duration at a wide variety of growth rates. Such a situation could allow very slow-growing cells to be essentially "primed for division" during much of their cell cycle. Presumably, nutrient addition, and consequent increases in biosynthetic rates, would allow fruition of this primed state.
The question of why cells growing at doubling times of +70 min show rate maintenance upon shift-up and cells growing at more than 120 show immediate division cannot presently be answered, but is the subject offurther study. Also unclear, but under intensive study, is why OD/cell ratios behave as they do during immediate shifts.
